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(54) Method of forming magnetic memory 

(57) A method of forming a magnetic memory, in- 
cludes, forming a first magnetic film over a substrate, 
forming a second magnetic film on the first magnetic 
film, forming a conductive film on second magnetic film, 
and forming a resist pattern on the conductive film. 



Then, a first pattern is formed by etching the conductive 
film using the resist pattern as a mask and the resist 
pattern is removed. Then, a first magnetic substance 
layer is formed by etching the second magnetic film us- 
ing the first pattern as a mask. 



Fig.10 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a method of 
forming a magnetic memory, in particularly, a method of 
forming a magnetic random access memory that stores 
data in a nonvolatile manner by utilizing spontaneous 
magnetization of a metallic ferromagnetic substance. 

2. Related Background Art 

[0002] Magnetic (magnetoresistive) random access 
memories (hereinafter referred to as the "MRAMs") are 
under development as one type of semiconductor mem- 
ories that store data in a nonvolatile manner. In the 
MRAMS, the direction of spontaneous magnetization of 
the ferromagnetic film is associated with "1 " or "0", which 
represents a digital data. 

[0003] Data stored in a MRAM is read by utilizing a 
magneto-resistance effect that the ferromagnetic sub- 
stance exhibits. The magneto- resistance effect has two 
types. One of which is a giant magneto-resistance effect 
(GMR) and the other is a tunnel magneto-resistance ef- 
fect (TMR). In the following description, memory cells 
that use the GMR are referred to as GMR cells and 
memory cells that use the TMR are referred to as TMR 
cells. 

[0004] It is required to process a ferromagnetic film in 
order to form a memory cell of an MRAM. Under present 
circumstances, it is difficult to process the ferromagnetic 
film through chemical dry etching. Therefore, in general, 
the ferromagnetic film is patterned by ion milling. 
[0005] Figs. 3A to 31 show a method of forming a TMR 
cell of a related art. 

[0006] As shown in Fig. 3A, a silicon oxide film 102, 
an aluminum film 103, a first magnetic film 104, an in- 
sulating film 105, and a second magnetic film 106 are 
formed in succession on a substrate 101. As shown in 
Fig. 3B, a resist pattern 107 is formed on the second 
ferromagnetic film 106. Then, the second magnetic film 
1 06, the insulating film 1 05, the first magnetic film 1 04, 
and the aluminum film 103 are etched in succession by 
ion milling using the resist pattern 107 as a mask. As a 
result of this etching, as shown in Fig. 3C, there are 
formed a lower electrode 1 03' and a fixed magnetization 
(a pinned magnetic) layer 1 04' of the TMR cell. Further, 
the resist pattern 107 is removed by ashing in 0 2 plas- 
ma. 

[0007] As shown in Fig. 3D, a resist pattern 108 is 
formed on the second magnetic film 106, Then, the sec- 
ond magnetic film 106 and the insulating film 105 are 
etched by ion milling using the resist pattern 108 as a 
mask. As a result, as shown in Fig. 3E, there are formed 
an insulating layer 105' and a free magnetization (free 
magnetic) layer 106' of the TMR cell. Further, the resist 



pattern 108 is removed by ashing in 0 2 plasma. As 
shown in Fig. 3F, there is formed a silicon oxide film 109, 
which is an insulating film, on the whole upper surface 
of the substrate 101 . 

[0008] As shown in Fig. 3G, a resist pattern 110 is 
formed to form a contact hole. As shown in Fig. 3H, the 
silicon oxide film 109 is etched using the resist pattern 
110 as a mask, thereby forming a contact hole 111 
reaching the free magnetization layer 1 06'. As shown in 
Fig. 31, there is formed a wiring layer 112, which is elec- 
trically connected to the free magnetization layer 106', 
using a conductive material, such as aluminum. In this 
manner, a TMR cell is formed. 

[0009] However, such a method arises problems de- 
scribed below. Fig. 4 illustrates a memory cell of a relat- 
ed art to explain the problems. As the first problem, ox- 
ide layers 1 04a' and an oxide layer 1 06a' are formed on 
the surfaces of the fixed magnetization layer 104' and 
the free magnetization layer 106\ respectively. As 
shown in Fig. 3C, the surface of the second ferromag- 
netic film 106 is exposed to 0 2 plasma during the re- 
moval of the resist pattern 1 07. Accordingly, the surface 
of the second ferromagnetic film 1 06 is oxidized and the 
oxide layer 106a' is formed on the surface of the free 
magnetization layer 1 06'. Similarly, as shown in Fig. 3E, 
the surface of the fixed magnetization layer 1 04* is ex- 
posed to 0 2 plasma during the removal of the resist pat- 
tern 108. Accordingly, the oxide layers 104a' are formed 
on the surface of the fixed magnetization layer 1 04'. 
[0010] The stated oxidization of the surfaces of the 
fixed magnetization layer 1 04' and the free magnetiza- 
tion layer 1 06' leads to the degradation of characteristics 
of the TMR cell. Therefore, such oxidization is not pref- 
erable. 

[0011] As the second problem, as shown in Fig. 4, 
side walls 1 1 3 and side walls 114 protruding perpendic- 
ular to the substrate 101 are formed on the side surfaces 
of the free magnetization layer 106' and the fixed mag- 
netization layer 104'. The sidewalls 113 existing on the 
side surfaces of the fixed magnetization layer 104' are 
formed during the etching by ion milling shown in Figs. 
3B and 3C. During the etching by ion milling, materials 
forming the second ferromagnetic film 106, the insulat- 
ing film 1 05, the first ferromagnetic film 1 04, and the alu- 
minum film 103 are sputtered. As a result, the materials 
adhere to the side surfaces of the resist pattern 1 07. The 
adherents are not removed but are left even if the resist 
pattern 1 07 is removed by ashing. As a result, the side 
walls 113 are formed by the adherents. Similarly, the 
side walls 114 existing on the side surfaces of the free 
magnetization layer 106' are formed during the etching 
by ion milling shown in Figs. 3Dand3E. During this etch- 
ing, materials forming the second ferromagnetic film 1 06 
and the insulating film 105 are sputtered. As a result, 
the materials adhere to the side surfaces of the resist 
pattern 1 08. The adherents are not removed but are left 
even if the resist pattern 108 is removed by ashing. As 
a result, the side walls 1 1 4 are formed by the adherents. 
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The height of each of the side walls 113 and the side 
walls 1 1 4 is about the thickness of one of the resist pat- 
terns 107 and 108, typically about 1p.m. 
The side walls 1 1 3 and the side walls 1 1 4 having heights 
of about 1pm are unstable and tend to topple over. 
[001 2] Such shapes of the side walls 1 1 3 and the side 
walls 114 lead to defects in the shape of an MRAM and 
therefore is not preferable. The stated shapes of the side 
walls 113 and the side walls 114 impair the coverage 
property of the interlayer insulating film 109. Further, if 
the side walls 113 and the side walls 114 standing up- 
right topple over, the shape of the interlayer insulating 
film 1 09 becomes abnormal. These cause wire breaking 
and a short circuit of the MRAM and lead to the malfunc- 
tion of the MRAM. 

[0013] It is desired that there is provided a technique 
with which a memory cell of an MRAM is formed while 
preventing the oxidation of a ferromagnetic film included 
in the memory cell. 

[0014] Further, it is desired that there is provided a 
technique of manufacturing an MRAM in which no mal- 
function of the MRAM is caused by side walls that have 
been formed on the side surfaces of a mask during the 
processing of a ferromagnetic film by ion milling. 
[001 5] It should be noted here that as a technique that 
may have a relation to the invention disclosed in this 
patent application, a technique of processing a magnet- 
ic substance is disclosed in Japanese Patent Applica- 
tion Laid-open No. 2000-339622. With this publicly 
known processing technique, a non-magnetic layer is 
made of alumina on the uppersurface of a magnetic film. 
The magnetic film is etched by ion milling using this non- 
magnetic layer as a mask. 

[0016] However, the Japanese Patent Application 
Laid-open No. 2000-339622 does not disclose the stat- 
ed problem that the surface of a metallic ferromagnetic 
substance is oxidized. This publicly known processing 
technique is a method of forming a magnetic pole of a 
thin film magnetic head. The magnetic film of the thin 
film magnetic head is extremely thicker than the ferro- 
magnetic film used in an MRAM. Therefore, the oxida- 
tion of the surface of the magnetic film does not become 
a considerable problem in the thin-film magnetic head. 
On the other hand, in a memory cell of an MRAM made 
of a ultra-thin metallic ferromagnetic substance, the ox- 
idation of the surface of the ferromagnetic film may be- 
come a problem that influences the reliability of the 
memory. 

SUMMARY OF THE INVENTION 

[0017] It is an object of the present invention to pro- 
vide a method of forming a memory cell of an MRAM 
while suppressing the oxidation of a ferromagnetic film 
included in the memory cell. 

[001 8] It is an another object of the present invention 
to provide a method for preventing defects in the shape 
of an MRAM from occurring due to side walls formed on 



the side surfaces of a mask during the processing of a 
ferromagnetic filmby ion milling. 

[0019] A method of forming a magnetic memory in- 
cludes, forming a magnetic film over a semiconductor 
5 substrate and forming a hard mask on the magnetic film; 
and patterning the magnetic film using the hard mask 
as a mask. 

[0020] Here, the hardmask is not a film that exhibits 
such phenomena as development and exposure, like a 

10 resist (photoresist), but refers to a film that is made of 
an oxide film, nitride film, metal, or the like. 
[0021] A method of forming a magnetic memory, in- 
cludes, forming a first magnetic film over a substrate, 
forming a second magnetic film over the first magnetic 

15 film, forming a conductive film on the second magnetic 
film, forming a resist pattern on the conductive film, 
forming a first pattern by etching the conductive film us- 
ing the resist pattern as a mask, removing the resist pat- 
tern, forming a first magnetic substance layer by etching 

20 the second magnetic film using the first pattern as a 
mask, forming an interlayer insulation layer covering the 
first magnetic substance layer, forming a contact hole 
that passes through the interlayer insulating layer to ex- 
pose the first pattern. 

25 [0022] A contact portion, in which the magnetic sub- 
stance layer and the mask pattern contact each other, 
is not exposed during the removal of the resist pattern. 
Therefore, this contact portion is resistant to oxidation. 
Further, the resist pattern is removed during the etching 

30 of the magnetic film. Therefore, a material forming the 
magnetic film is not deposited on the side surfaces of 
the resist pattern. That is, the material is not deposited 
on the side surfaces of the resist pattern and side walls 
protruding from the substrate are formed. As a result, 

35 the occurrence of defects in the shape of an MRAM is 
prevented. 

[0023] Here, it is preferable that the method of man- 
ufacturing the magnetic memory further includes form- 
ing side walls on the side surfaces of the mask pattern 

40 and the magnetic substance layer. The side walls are 
formed by depositing amaterial forming the magnetic 
film adhere to the side surfaces during the etching of the 
magnetic film. Therefore, the side surfaces of the mag- 
netic substance layer are covered with the side walls 

45 and become resistant to oxidation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above and other objects, features and ad- 
50 vantages of the present invention will become more ap- 
parent from the following detailed description when tak- 
en in conjunction with the accompanying drawings 
wherein: 

55 Figs. 1 A to 1 0 are cross sectional views each show- 
ing a method of manufacturing a magnetic memory 
of a first embodiment; 

Figs. 2A to 2N are each a cross sectional view 



3 



5 

showing a method of manufacturing the magnetic 
memory of a second embodiment; 
Figs. 3Ato 31 are each a cross sectional view show- 
ing a magnetic memory manufacturing method of a 
related art; and 5 
Fig. 4 is a cross sectional view explaining a draw- 
back of the related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Turning now to the drawings, Figs. 1A to 10 
are sectional views each illustrating the respective proc- 
ess of forming a magnetic memory according to a first 
embodiment of the present invention. 
[0026] Referring to Fig. 1 A, a silicon oxide film 2, an 
aluminum film 3, a first magnetic film 4, an insulating film 
5, a second magnetic film 6, a titanium nitride film 7, and 
a silicon oxide film 8 are formed in succession on a sub- 
strate 1 . The thickness of the aluminum film 3 is about 
30.0nm. The first magnetic film 4 and the second mag- 
netic film 6 are each made of a metallic ferromagnetic 
substance, such as iron, nickel, cobalt, or permalloy 
(NiFe). The insulating film 5 is made of an insulating ma- 
terial, such as alumina (Al 2 0 3 ) or hafnium oxide. The 
insulating film 5 has a thickness of about 1 .5nm and is 
extremely thin to allow a tunnel current to flow. Further, 
the sum of the thickness of the first magnetic film 4, the 
insulating film 5, and the second magnetic film 6 is ex- 
tremely small and is about 30nm or less. The thickness 
of the titanium nitride film 7 is about 50.0nm. The thick- 
ness of the silicon oxide film 8 is about 1 0O.Onm. To pre- 
vent the oxidation of the first magnetic film 4 and the 
second magnetic film 6, it is preferable that the alumi- 
num film 3, the first magnetic film 4, the insulating film 
5, the second magnetic film 6, and the titanium nitride 
film 7 are successively formed without exposing these 
construction elements to the atmosphere. 
[0027] As shown in Fig. 1 B, a resist pattern 9 is formed 
on the silicon oxide film 8 using a photolithography tech- 
nique. The resist pattern 9 is formed using a resist that 
is an organic substance. As shown in Fig. 1 C, the silicon 
oxide film 8 is etched using the resist pattern 9 as a 
mask, thereby forming a silicon oxide film pattern 8\ As 
will be described later, the silicon oxide film pattern 8' is 
used as a hard mask. 

[0028] The etching of the silicon oxide film 8 is per- 
formed under a condition where the etching of the silicon 
oxide film 8 is terminated at the upper surface of the 
titanium nitride film 7. In more detail, the etching of the 
silicon oxide film 8 is performed through dry etching us- 
ing a fluorine-base gas. Consequently, the etching of the 
silicon oxide film 8 is terminated at the surface of the 
titanium nitride film 7. The termination of the etching of 
the silicon oxide film 8 at the surface of the titanium ni- 
tride film 7 prevents a situation where the titanium nitride 
film 7 is erroneously removed and the upper surface of 
the second magnetic film 6 is exposed. 
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[0029] Referring to Fig. 1 D, the resist pattern 9 is re- 
moved by ashing in 0 2 plasma. During this process, the 
upper surface of the second magnetic film 6 is covered 
with the titanium nitride film 7 and is not exposed to the 
0 2 plasma. As a result, there is prevented the oxidation 
of the second magnetic film 6. 

[0030] As shown in Fig. 1 E, the titanium nitride film 7 
is etched by reactive ion etching (RIE) using the silicon 
oxide filmpattern 8' as a mask, thereby forming an upper 
electrode T. As will be described later, the upper elec- 
trode 7" is used as an upper electrode of a memory cell 
and is further used as a hard mask during the etching 
of the second magnetic film 6. 

[0031] As shown in Fig. 1 F, the second magnetic film 
6 and the insulating film 5 are etched in succession by 
ion milling using the silicon oxide film pattern 8* and the 
upper electrode T as a hard mask, thereby forming the 
free magnetization layer 6' and the insulating layer 5'. 
During this etching, materials forming the insulating film 
5 and the second magnetic film 6 are sputtered and de- 
posited on the side surfaces of the insulating layer 5', 
the free magnetization layer 6', the upper electrode 7\ 
and the silicon oxide film pattern 8', thereby forming side 
walls 10. The side walls 10 cover the side surfaces of 
the free magnetization layer 6* and prevent the oxidation 
of the side surfaces of the free magnetization layer 6'. 
[0032] During this process, it is also possible that the 
insulating film 5 is not etched and is left. However, the 
insulating film 5 is extremely thin and has a thickness of 
about 1 .5nm. Therefore, during the actual process, por- 
tions of the insulating film 5 other than a portion thereof 
existing below the upper electrode T are removed 
through etching by ion milling. 

[0033] Also, it is possible to continuously perform the 
etching of the titanium nitride film 7 and the second mag- 
netic film 6 by ion milling. Note that in this case, a ma- 
terial forming the titanium nitride film 7 is sputtered and 
deposited during the ion milling and therefore the side 
walls 1 0 are increased in thickness. As a result, it is pref- 
erable that like in this embodiment, the titanium nitride 
film 7 is etched through RIE and the second magnetic 
film 6 is etched by ion milling. 

[0034] As shown in Fig. 1G, a silicon oxide film 11 is 
formed by a CVD method or a sputter method on the 
entire surface on the upper surface of the substrate 1 . 
As shown in Fig. 1 H, a resist pattern 1 2 is formed on the 
silicon oxide film 11 using a photolithography technique. 
The resist pattern 1 2 is formed using a resist that is an 
organic substance. The resist pattern 12 is formed so 
as to cover the entire surface above the free magneti- 
zation layer 6' and the upper electrode 7'. As shown in 
Fig. 1 1, the silicon oxide film 11 is etched using the resist 
pattern 1 2 as amask, thereby forming a silicon oxide film 
pattern 11'. A portion of the first magnetic film 4 that is 
not covered with the resist pattern 12 is exposed. The 
silicon oxide film pattern 11* is formed so that each end 
11a 1 thereof is separated from an end of the insulating 
layer 5'. 
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[0035] Referring to Fig. 1 J, the resist pattern 1 2 is re- 
moved by ashing in 0 2 plasma. During this process, the 
surface of a portion of the first magnetic film 4 that is not 
covered with the silicon oxide film pattern 1 1 ' is exposed 
to the 0 2 plasma and is oxidized, thereby forming oxide 5 
layers 4a. However, as will be described later, the por- 
tions of the first magnetic film 4 that are exposed to the 
0 2 plasma are removed through etching. Therefore, the 
oxidation of the surface of the first magnetic film 4 does 
not lead to the degradation of characteristics of the TMR 
cell. 

[0036] Further, during this process, the degradation 
of the characteristics of the TMR cell is prevented by the 
construction where each end 11a' of the silicon oxide 
film pattern 1 1 1 is separated from an end of the insulating 
layer 5'. During the ashing of the resist pattern 12, oxy- 
gen enters from each end 11a' of the silicon oxide film 
pattern 11' toward a portion in which the first magnetic 
film 4 and the insulating layer 5* contact each other. If 
oxygen enters into the portion in which the first magnetic 
film 4 and the insulating layer 5' contact each other, the 
characteristics of the TMR cell will be degraded. How- 
ever, each end 11a 1 of the silicon oxide film pattern 1V 
is separated from an end of the insulating layer 5', so 
that there is prevented such a situation where oxygen 
enters into the portion in which the first magnetic film 4 
and the insulating layer 5' contact each other. As a re- 
sult, the degradation of the characteristics of the TMR 
cell is prevented. 

[0037] As shown in Fig. 1 K, the first magnetic film 4 
and the aluminum film 3 are etched in succession using 
the silicon oxide film pattern 1 1 ' as a mask, thereby form- 
ing a fixed magnetization layer 4* and a lower electrode 
3'. The etching of the first magnetic film 4 and the alu- 
minum film 3 is performedby ionmilling. 
During this process, each end 4a' of the fixed magneti- 
zation layer 4' is formed so as to be displaced from an 
end of the free magnetization layer 6' in a direction par- 
allel to the surface of the substrate 1 . This construction 
prevents a situation where damage inflicted on an area 
in the vicinity of each end 4a' of the fixed magnetization 
layer 4" due to etching causes the degradation of the 
characteristics of the TMR cell. This is because each 
end 4a' of the fixed magnetization layer 4' is separated 
from an end of the free magnetization layer 6* and each 
portion of the fixed magnetization layer 4' that has been 
damaged by etching is not used to operate the TMR cell. 
Accordingly, the characteristics of the TMR cell are not 
degraded due to damage inflicted on an area in the vi- 
cinity of each end 4a" of the fixed magnetization layer 4' 
during etching. It is noted that side walls are formed on 
side surfaces of the layers 3' and 4', as same as the side 
walls 1 0 in Fig. 1 F, though it is not shown. The side walls 
formed by the process of Fig. 1K are omitted because 
the side walls do not cause a short circuit between cells. 
[0038] As shown in Fig. 1L, a silicon oxide is depos- 
ited on the entire surface on the substrate 1 , thereby 
forming a silicon oxide film 13. The thickness of the sil- 
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icon oxide film 13 is about 400. Onm. The silicon oxide 
filmpattern 8' and the silicon oxide film pattern 11' de- 
scribed above are integrated with the silicon oxide film 
13. 

[0039] As shown in Fig. 1M, a resist pattern 14 is 
formed on the silicon oxide film 13 using a photolithog- 
raphy technique. As shown in Fig. 1N, the silicon oxide 
film 13 is etched using the resist pattern 14 as a mask, 
thereby forming a contact hole 15 reaching the upper 
electrode 7*. Further, the resist pattern 14 is removed by 
ashing. As shown in Fig. 10, a wiring layer 16 is made 
of a conductive material, such as aluminum. The wiring 
layer 1 6 passes through the contact hole 1 5 and is con- 
nected to the upper electrode 7\ As a result of the proc- 
esses described above, there is obtained the TMR cell. 
[0040] With the method of manufacturing the magnet- 
ic memory of the first embodiment, as shown in Fig. 1 D, 
during the ashing of the resist pattern 9 by 0 2 plasma, 
the second magnetic film 6 is covered with the titanium 
nitride film 7. This prevents a situation where the surface 
of the second magnetic film 6 is oxidized by the 0 2 plas- 
ma. As a result, the characteristics of the TMR cell are 
not degraded due to the oxidation of the second mag- 
netic film 6. 

[0041] Further, with the method of manufacturing the 
magnetic memory of this embodiment, before the first 
magnetic film 4 and the second magnetic film 6 are 
etched by ion milling, the resist pattern 9 and the resist 
pattern 1 2 are removed. This prevents a situation where 
materials forming the first magnetic film 4 and the sec- 
ond magnetic film 6 are sputtered and deposited on the 
side surfaces of the resist pattern 9 and the resist pattern 
12. The materials forming the first magnetic film 4 and 
the second magnetic film 6 are deposited on the side 
surfaces of the upper electrode 7', the silicon oxide film 
pattern 8", and the silicon oxide filmpattern 11 However, 
the upper electrode T, the silicon oxide film pattern 8', 
and the silicon oxide film pattern 1 1 ' are used as a part 
of the TMR cell as they are. Therefore, there is prevent- 
ed a situation where the side walls formed by the dep- 
osition of the materials forming the first magnetic film 4 
and the second magnetic film 6 are formed to have a 
shape where these films 4 and 6 independently pro- 
trude. That is, the side walls formed by ion milling are 
supported by the upper electrode 7\ the silicon oxide 
film pattern 8', and the silicon oxide filmpattern 11 \ 
Therefore, the shape thereof is stable. As a result, there 
are prevented defects in the shape of the MRAM. 
[0042] Further, with the method of manufacturing the 
magnetic memory of this embodiment, the sum of thick- 
ness of the silicon oxide film pattern 8' and the upper 
electrode T that are used as hard masks is about 
150. Onm and is smaller than the thickness (about 1u,m) 
of a resist mask that is required to perform ion milling 
using a resist mask. Further, the silicon oxide film pat- 
tern 8' and the upper electrode 7' that are hard masks 
are not removed but are left as they are, and constitute 
each part of a magnetic memory. As a result, the occur- 
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rence of defects in the shape of the MRAM is prevented. 
[0043] Further, with the method of manufacturing the 
magnetic memory of this embodiment, each end 4a' of 
the fixed magnetization layer 4' is formed so as to be 
displaced from an end of the free magnetization layer 6' s 
in a direction parallel to the surface of the substrate 1 . 
This prevents the degradation of the characteristics of 
the TMR cell due to damage inflicted during etching. 
[0044] It should be noted here that with the method of 
manufacturing the magnetic memory of this embodi- 
ment that forms a TMR cell, a non-magnetic film made 
of a conductive material that is a diamagnetic substance 
like copper may be formed instead of the insulating film 
5. In this case, it becomes possible to apply the method 
of manufacturing the magnetic memory of this embodi- 
ment to the formation of a GMR cell. 
[0045] Further, it is possible to modify this embodi- 
ment so long as the effect of the present invention is 
maintained. For instance, it is possible to use an insu- 
lating substance, such as a silicon oxynitride film 
(SiON), instead of the silicon oxide film 2. Further, it is 
possible to use a film made of a conductive material, 
such as copper or titanium nitride, instead of the alumi- 
num film 3. 

[0046] Further, the titanium nitride film 7 and the sili- 
con oxide film 8 that are hard masks may be replaced 
with films made of other materials . It is possible to use 
a film made of a conductive material, such as aluminum 
or tantalum, instead of the titanium nitride film 7. Further, 
it is possible to use a film made of a material, with which 
there is obtained selectivity with the titanium nitride film 
7 during etching, instead of the silicon oxide film 8. In 
more detail, it is possible to use a film made of silicon 
nitride, polysilicon, or another metal instead of the sili- 
con oxide film 8. Note that to make it easy to form the 
contact hole 15, it is preferable that like in this embodi- 
ment, the silicon oxide film 8 is made of a material that 
is the same as the material of the silicon oxide film 1 1 
and the silicon oxide film 13. 

[0047] Figs. 2A to 2N show a magnetic memory of a 
second embodiment according to the present invention. 
This embodiment differs from the first embodiment in 
that no silicon oxide film is formed on the upper surface 
of a titanium nitride film that is an upper electrode. 
[0048] Referring to Fig. 2A, a silicon oxide film 22, an 
aluminum film 23, a first magnetic film 24, an insulating 
film 25, a second magnetic film 26, and a titanium nitride 
film 27 are formed in succession on a substrate 21 . The 
first magnetic film 24 and the second magnetic film 26 
are made of a metallic ferromagnetic substance, such 
as iron, nickel, cobalt, or permalloy (NiFe). The insulat- 
ing film 25 is made of an insulating material, such as 
alumina (Al 2 0 3 ) or hafnium oxide. The sum of thickness 
of the first magnetic film 24, the insulating film 25, and 
the second magnetic film 26 is extremely small and is 
30nm or less. In order to prevent the oxidation of the first 
magnetic film 24 and the second magnetic film 26, it is 
preferable that the aluminum film 23, the first magnetic 



film 24, the insulating film 25, the second magnetic film 
26, and the titanium nitride film 27 are successively 
formed without exposing these construction elements to 
the atmosphere. 

[0049] As shown in Fig. 2B, a resist pattern 29 is 
formed on the titanium nitride film 27 using a photoli- 
thography technique. As shown in Fig. 2C, the titanium 
nitride film 27 is etched, thereby forming the upper elec- 
trode 27'. As shown in Fig. 2C, the resist pattern 29 is 
removed by ashing in 0 2 plasma. During this process, 
a part of the surface of the second magnetic film 26 that 
contacts the upper electrode 27' is not directly exposed 
to the 0 2 plasma. That is, a part of the second magnetic 
film 26 that relates to the operation of a TMR cell is not 
oxidized. 

[0050] As shown in Fig. 2E, the second magnetic film 
26 and the insulating film 25 are etched in succession 
by ion milling using the upper electrode 27' as a mask, 
thereby forming a free magnetization layer 26' and an 
insulating layer 25'. During this etching, materials form- 
ing the insulating film 25 and the second magnetic film 
26 are sputtered and deposited on the side surfaces of 
the insulating layer 25', the free magnetization layer 26', 
and the upper electrode 27', thereby forming side walls 
30. These side walls 30 cover the side surfaces of the 
free magnetization layer 26' and prevents the oxidation 
of the side surfaces of the free magnetization layer 26'. 
[0051] As shown in Fig. 2F, a silicon oxide film 31 is 
formed on the entire surface on the substrate 21 . As 
shown in Fig. 2G, a resist pattern 32 is formed on the 
silicon oxide film 31 using a photolithography technique. 
This resist pattern 32 is formed so as to cover the entire 
surface above the free magnetization layer 26' and the 
upper electrode 27". As shown in Fig. 2H, the silicon ox- 
ide film 31 is etched using the resist pattern 32 as a 
mask, thereby forming the silicon oxide film pattern 31 '. 
Each part of the first magnetization substance film 24 
that is not covered with the resist pattern 32 is exposed. 
The silicon oxide film pattern 31 ' is formed so that each 
end 31a' thereof is separated from an end of the insu- 
lating layer 25'. 

[0052] As shown in Fig. 21, the resist pattern 32 is re- 
moved by ashing in 0 2 plasma. During this process, the 
surface of the first magnetic film 24 is exposed to the 0 2 
plasma and oxidized. However, as will be described lat- 
er, each part of the first magnetic film 24 that is exposed 
to the 0 2 plasma is removed through etching. As a re- 
sult, the oxidation of the surface of the first magnetic film 
24 does not lead to the degradation of characteristics of 
a TMR cell. During this process, like in the first embod- 
iment, each end 31 a' of the. silicon oxide film pattern 31 ' 
is separated from an end of the free magnetization layer 
26'. As a result, there is prevented the degradation of 
the characteristics of the TMR cell due to the oxidation 
of a portion in which the first magnetic film 24 and the 
insulating layer 25' contact each other. 
[0053] As shown in Fig. 2J, the first magnetic film 24 
and the aluminum film 23 are etched in succession using 
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the silicon oxide film pattern 31' as a mask, thereby 
forming a fixed magnetization layer 24' and a lower elec- 
trode 23'. The etching of the first magnetic film 24 and 
the aluminum film 23 is performed by ion milling. During 
this operation , each end 24a' of the fixed magnetization 5 
layer 24' is formed so as to be displaced from an end of 
the free magnetization layer 26* in a direction parallel to 
the surface of the substrate 21 . As a result, like in the 
first embodiment, there is prevented the degradation of 
the characteristics of the TMR cell due to damage in- 
flicted on an area in the vicinity of each end 24a' of the 
fixed magnetization layer 24* during etching. Referring 
to Fig. 2K, silicon oxide is deposited on the entire sur- 
face on the substrate 21 , thereby forming a silicon oxide 
film 33. The silicon oxide film pattern 3V described 
above is integrated with the silicon oxide film 33. 
[0054] As shown in Fig. 2L, a resist pattern 34 is 
formed on the silicon oxide film 33 using a photolithog- 
raphy technique. As shown in Fig. 2M, the silicon oxide 
film 33 is etched using the resist pattern 34 as a mask, 
thereby forming a contact hole 35 reaching the upper 
electrode 27*. Further, the first magnetic film 24 is re- 
moved by ashing. As shown in Fig. 2N, a wiring layer 
36 is made of a conductive material, such as aluminum. 
This wiring layer 36 passes through the contact hole 35 
and is connected to the upper electrode 27'. As a result 
of the processes described above, there is obtained the 
TMR cell. 

[0055] With the method of manufacturing the magnet- 
ic memory of this embodiment, a portion of the free mag- 
netization layer 26' that contacts the upper electrode 27' 
is not directly exposed to 0 2 plasma. Accordingly, there 
is prevented the degradation of the characteristics of the 
TMR cell due to the oxidation of a portion in which the 
free magnetization layer 26' and the upper electrode 27' 
contact each other. Note that with a semiconductor de- 
vice manufacturing method of the second embodiment, 
as shown in Fig. 2D, oxygen diffuses to some extent 
from each end 27a' of the upper electrode 27' toward 
the inside of a portion in which the free magnetization 
layer 26' and the upper electrode 27' contact each other. 
Accordingly, in the case where it is required to reduce 
the amount of oxygen diffused, it is preferable that the 
method of manufacturing the magnetic memory of the 
first embodiment is used. In the case where the diffusion 
of oxygen from each end 27a' does not cause any prob- 
lems because the size of the upper electrode 27' is 
large, it is preferable that there is used the method of 
manufacturing the magnetic memory of the second em- 
bodiment from the viewpoint of reducing the number of 
manufacturing steps. 

[0056] Further, with the method of manufacturing the 
magnetic memory of this embodiment, like with the 
method of manufacturing the magnetic memory of the 
first embodiment, the resist pattern 29 and the resist pat- 
tern 32 are removed before the first magnetic film 24 
and the second magnetic film 26 are etched by ion mill- 
ing. 



There does not occur a situation where materials form- 
ing the first magnetic film 24 and the second magnetic 
film 26 are sputtered and deposited on the side surfaces 
of the resist pattern 29 and the resist pattern 32. As a 
result, the occurrence of defects in the shape of an 
MRAM is prevented. 

[0057] Further, with the method of manufacturing the 
magnetic memory of this embodiment, like with the 
method of manufacturing the magnetic memory of the 
first embodiment, each end 24a' of the fixed magnetiza- 
tion layer 24' is formed so as to be separated from an 
end of the free magnetization layer 26'. This prevents 
the degradation of the characteristics of a TMR cell due 
to damage inflicted during etching. 
[0058] It should be noted here that with the method of 
manufacturing the magnetic memory of the second em- 
bodiment for forming a TMR cell, a non-magnetic film 
made of a conductive material that is a diamagnetic sub- 
stance like copper may be formed instead of the insu- 
lating film 25. In this case, it becomes possible to apply 
the method of manufacturing the magnetic memory of 
this embodiment to the formation of a GMR cell. 
[0059] Further, it is possible to modify this embodi- 
ment so long as the effect of the present invention is 
maintained. For instance, it is possible to use an insu- 
lating substance, such as a silicon oxynitride film 
(SiON), instead of the silicon oxide film22. Further, it is 
possible to use a filmmade of a conductive material, 
such as copper or titanium nitride, instead of the alumi- 
num film 23. Further, it is possible that the titanium ni- 
tride film 27 that functions as a hard mask is replaced 
with a film made of another material that is a conductive 
material, such as aluminum or tantalum. 
[0060] With the present invention, there is provided a 
technique with which a memory cell of an MRAM is 
formed while suppressing the oxidation of a ferromag- 
netic film included in the memory cell. 
[0061] Also, with the present invention, there is pro- 
vided a technique with which the occurrence of defects 
in the shape of an MRAM is prevented due to side walls 
formed on the side surfaces of a mask during the 
processing of a ferromagnetic film by ion milling. 
[0062] Also, with the present invention, there is pro- 
vided a technique with which damage, which is inflicted 
on a ferromagnetic film during etching of the ferromag- 
netic film, is prevented from adversely affecting the 
characteristics of a memory cell of an MRAM. 



Claims 

1 . A method of forming a magnetic memory compris- 
ing: 

forming a magnetic film over a semiconductor 
substrate; 

forming a hard mask on said magnetic film; and 
patterning said magnetic film using said hard 
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mask as a mask. 

2. The method as claimed in claim 1, wherein said 
hard mask is formed by 

forming an inorganic substance film on said 
magnetic film; 

forming a resist pattern on said inorganic sub- 
stance film; 

patterning said inorganic substance film using 
said resist pattern as a mask; and 

removing said resist pattern, thereby the pat- 
terned inorganic substance film being said hard 
mask. 

3. The method as claimed in claim 2, wherein said 
hard mask is a conductive material. 

4. The method as claimed in claim 2, wherein when 
sad magnetic film is patterned, a side wall is formed 
on a side, surface of said hard mask and the pat- 
terned magnetic film by material generated from the 
patterned magnetic film. 

5. The method as claimed in claim 1 , wherein 

forming a first layer on said magnetic film after 
said magnetic film is formed; 

forming a second layer different from said first 
layer on said first layer; 

forming a resist pattern on said second layer; 

forming a first pattern by etching said second 
layer using said resist pattern as a mask; 

removing said resist pattern; and 

forming a second pattern by etching said first 
layer using said first pattern as a mask, thereby said 
first and second layers being said hard mask. 

6. The method as claimed in claim 5, wherein said first 
layer is a conductive layer and said second layer is 
an insulating layer. 

7. A method of forming a magnetic memory, compris- 
ing: 

forming a first magnetic film over a substrate; 
forming an intermediate film on said first mag- 
netic film; 

forming a second magnetic film on said inter- 
mediate film; 

forming a conductive film on second magnetic 
film; 

forming an insulating film on said first film; 
forming a resist pattern on said insulating film; 
forming a first pattern by etching said insulating 
film using said resist pattern as a mask; 
removing said resist pattern; 
forming a second pattern by etching said con- 
ductive film using said first pattern as a mask; 
forming a first magnetic substance layer by 



etching said second magnetic film using said 
first and second patterns as a mask; 
forming a mask pattern that covers the whole 
of an upper surface of said first magnetic sub- 
5 stance layer; and 

forming a second magnetic substance layer by 
etching said first magnetic film using said mask 
pattern as a mask. 

10 8. The method as claimed in claim 7, wherein each 
end of said second magnetic substance layer is 
formed so as to be separated from an end of said 
first magnetic substance layer in a direction parallel 
to a surface of said substrate. 

15 

9. The method as claimed in claim 8, said method fur- 
ther comprising after forming said second magnetic 
substance layer: 



forming an insulation layer covering said sec- 
ond magnetic substance layer; 
forming a contact hole that passes through said 
first pattern and reaches said second pattern; 
and 

forming a wiring layer in said contact hole to 
electrically connected to said second pattern. 

10. A method of forming a magnetic memory, compris- 
ing: 

forming a first magnetic film over a substrate; 
forming an intermediate film on said first mag- 
netic film; 

forming a second magnetic film on said inter- 
mediate film; 

forming a conductive film on second magnetic 
film; 

forming a resist pattern on said conductive film; 
forming a first pattern by etching said conduc- 
tive film using said resist pattern as a mask; 
removing said resist pattern; 
forming a first magnetic substance layer by 
etching said second magnetic film using said 
first pattern as a mask; 

forming a mask pattern that covers the whole 
of an upper surface of said first magnetic sub- 
stance layer; and 

forming a second magnetic substance layer by 
etching said first magnetic film using said mask 
pattern as a mask. 
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11. The method as claimed in claim 10, wherein each 
end of said second magnetic substance layer is 
formed so as to be separated from an end of said 

55 first magnetic substance layer in a direction parallel 
to a surface of said substrate. 

1 2. The method as claimed in claim 1 1 , said method f ur- 
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ther comprising after forming said second magnetic 
substance layer: 

forming an insulation layer covering said sec- 
ond magnetic substance layer; 
forming a contact hole that passes through said 
first pattern and reaches said second pattern; 
and 

forming a wiring layer in said contact hole to 
electrically connected to said second pattern. 

13. A method of forming a magnetic memory having a 
memory cell, saidmemory cell having a first mag- 
netic film and a second magnetic film, comprising: 

patterning said first magnetic film using a first 
mask; and 

patterning said second magnetic film using a 
second mask, which has a width larger than 
that of said first mask, after the patterning of 20 
said first magnetic film. 

14. The method as claimed in claim 13, wherein said 
first magnetic film is a free ferromagnetic film and 
said second magnetic film is a pinned ferromagnetic 25 
film. 

15. The method as claimed in claim 14, wherein said 
first mask is a metal film and said second mask is 

an insulating film. so 

16. The method as claimed in claim 15, wherein said 
second mask is formed to cover said first magnetic 
film and said first mask after the patterning of said 

f i rst m ag n etic f i Im . 35 

17. The method as claimed in claim 15, said method 
further comprising: 

after patterning said secondmagnetic filmusing 40 
said second mask, forming an interlayer insu- 
lating film over said second mask; and 
forming a contact hole in said interlayer insulat- 
ing film and said second mask to expose said 
first mask. 45 
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